All operations were performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering. The participants have provided the written informed consent to participate in this study.
Isolation and characterization of human UC-MSCs
Human umbilical cords were obtained after caesarean section of normal pregnancies at First Hospital of Jilin University. The UC-MSCs were extracted as the reference 1 .
In brief, the collected umbilical cords were washed in phosphate-buffered saline for 3 times, and further minced and incubated with collagenase IV (1 mg/ml, Gibco) for 4 hours, then DNase I (1 mg/ml, Gibco) for 15 min, and 0.25% trypsin (Gibco) for 15 min at 37℃. After filtration through a 40-μm cell strainer, the cells were then collected by centrifugation, and cultured in DMEM/F12 (Hyclone), containing 10% fetal bovine serum (FBS; Gibco), penicillin/streptomycin (100 U/mL to 0.1 mg/mL; Hyclone), and 2 mM L-glutamine (Gibco), in a humidified incubator with 5% CO2 at 37℃. The media were changed every other day, and the isolated UC-MSCs were passaged by a dilution of 1:3 once every 4 days or 5 days until passage 4 or 5, when a 2 portion of the resulting UC-MSCs was prepared for phenotypic analysis by flow cytometry. The cells were then screened for CD14, CD29, CD34, CD44, CD45, CD73, CD90, CD105, and CD166, and further differentiated into adipocytes and osteocytes as previously described [2] [3] [4] .
Establishment of IGF-1 overexpressing cell lines
To generate IGF-1 overexpressing vectors, the IGF-1-coding sequences were obtained by reverse transcription PCR and further cloned into pMXs-based retroviral plasmid (Addgene). At early passage, 40,000 human UC-MSCs were transduced in 6-well culture dishes using pMX-based retroviruses as described 1, 5 , to establish IGF-1 overexpressing UC-MSCs (UC-MSCs-IGF-1), and UC-MSCs infected with retrovirus containing blank pMXs vector (UC-MSCs-vector) were used as the control group in the following detections.
To assess IGF-1 expression in UC-MSCs-IGF-1, qPCR and FACS analysis were performed in our study. Besides, the effects of IGF-1 overexpression on proliferation and secretion of UC-MSCs were further evaluated in our study. UC-MSCs, UC-MSCs-vector, and UC-MSCs-IGF-1 were planted in 96-well plates at 1×10 3 , respectively. Cell proliferation was detected at day 0, day 1, day 2, and day 3. The DMEM/F12 medium containing 10% FBS was used as the blank control group, and the proliferation index of each group was determined using the CCK-8 method (Dojindo, Japan) according to the manufacturer's instructions, which allowed sensitive colorimetric assays for the determination of the number of viable cells in cell 3 proliferation. In brief, 10 μL of CCK-8 solution was added into each well (containing 100 μL of medium), and cultured for 1 hour to 2 hours at 37 ℃. The absorbance of each group at 450 nm was detected (n=4) and it was directly proportional to the number of living cells. The proliferation index = the absorbance of experimental group − the absorbance of blank group, was used to measure cell proliferation in our study.
After 2 days of culture, the medium of each group was collected for secretory cell function analysis. Vascular endothelial growth factor (VEGF), insulin-like growth factor-1 (IGF-1), bone morphogenetic protein-7 (BMP-7), and interleukin-10 (IL-10), which were secreted by UC-MSCs and relieved kidney injury, were measured using an ELISA Kit (Abcam, United Kingdom) following the manufacturer's instructions.
Real-time quantitative PCR
Total RNA was extracted with Trizol (Invitrogen). Then, 2 mg of RNA was reverse transcribed using RT-PCR kit (Takara) and qPCR was performed using a Thermal
Cycler Dice TM Real Time System and SYBR Green Premix EX Taq TM (Takara). In our study, β-actin was used for Real-time quantitative PCR (qPCR) normalization and all items were measured in triplicate. All primer sequences (5'-3') are as follows: 
Preparation and treatment of AKI model
Male node rats, weighing 250 g to 300 g, were purchased from Vital River Laboratories (Beijing, China). All rats were housed in the room with constant temperature and a 12 hours dark-12 hours light cycle. The node rats were fed a standard diet. The method used to prepare or treat the AKI model was similar to our previous research 3, 4 . In brief, animals were divided into six groups (six rats per 
Evaluation of kidney function
In our study, all animals were sacrificed on day 15. To determine the biochemical variables (NAG, LZM, creatine and urea nitrogen) using a Biochemistry Autoanalyzer, blood and urine were collected on days 8 (before treatment) and 15, respectively. For 
Analysis of cell apoptosis
Apoptosis in the kidney tissue was evaluated by enzymatic labeling of DNA strand breaks using terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end-labeling (TUNEL) assay kit (KeyGEN) according to the manufacturer's instructions. The expression levels of apoptotic genes (Caspase 3, Bax, and Fas) and anti-apoptotic gene (Bcl-2) in the kidney tissues of each group were further detected using real-time qPCR, and some apoptotic genes were also confirmed with immunohistochemistry.
Immunohistochemistry
The cells or kidney tissues were fixed in 4% paraformaldehyde in PBS. The kidney tissues of each group were embedded in paraffin and sliced into 5 μm-thick sections.
For immunohistochemistry, the primary antibodies used were anti-Caspase 3 (1:100, Abcam), anti-Bcl-2 (1:100, Abcam), and anti-human nucleus antigen (hNA, 1:500, Millipore) polyclonal antibodies. After 12 hours of incubation at 4 °C, the samples were washed three times with PBS and processed using an SABC kit and DAB 9 solution. Finally, the sections were observed using Axio Scope A1 (Zeiss, Germany)
with AxioCAM MRc5 (Zeiss), and processed with AxioVision software (Zeiss). The color intensity was measured using Motic Image Advanced 3.2.
Microarray analysis
Total RNA was extracted from UC-MSCs, UC-MSCs-vector and UC-MSCs-IGF-1 using Trizol (Invitrogen) and the RNeasy kit (Qiagen). Samples were amplified and labeled using a Aglient Quick Amp Labing Kit. Array hybridization was analyzed with the Aglient Hybridization System and followed by washing with the Aglient wash buffer kit. The Aglient DNA microarray scanner was used for array scanning.
Genes that have values greater than or equal to lower cut-off: 50.0 in 2 out of two samples were chosen for data analysis. Differentially expressed genes were identified through Fold Change filtering. Pathway Analysis and GO analysis were applied to determine the roles of these differentially expressed genes played in these biological pathways or GO terms. Finally, Hierarchical Clustering was performed to show distinguishable gene expression profiling among samples. The cells were incubated with DMEM/F12 (Hyclone) plus 10% FBS (Gibco) in the co-culture system, and exposed to 30 μM H 2 O 2 for 1 day and 2 days respectively.
Knockdown of IGF-1 in UC-
Finally, proliferation index of HK2 cells in each group was detected with CCK-8, and the HK2 cells co-cultured with noting were used as the control group.
Anti-inflammatory potential assay
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The inflammatory components in the kidney tissues of each group were detected with ELISA. Similar to anti-oxidation capacity assay, the supernatant from kidney tissue was collected for the detection. Herein, monocyte/macrophage chemotactic protein-1 (MCP-1), Macrophage inflammatory protein 2 (MIP-2), regulated upon activation normal T cell expressed and presumably secreted (RANTES), and transforming growth factor-β (TGF-β) and were examined for evaluation of inflammatory reaction.
In addition, to further detect the anti-inflammatory potential of UC-MSCs, UC-MSCs-vector and UC-MSCs-IGF-1, a co-culture system was established using trans-well. Similar to anti-oxidation capacity assay, UC-MSCs, UC-MSCs-vector and UC-MSCs-IGF-1 were seeded on the upper side of a porous polycarbonate membrane in co-culture with murine macrophage RAW264.7 cell line (ATCC, USA) respectively.
The RAW264.7 cells were seeded at 1×10 5 cells/well in a 24-well plate. Keep the ratio of RAW264.7 cells and UC-MSCs at 5:1. The cells were incubated with DMEM/F12 (Hyclone) plus 10% FBS (Gibco) in the co-culture system, and exposed to lipopolysaccharide (100 ng/ml, Sigma) for 24 hours. Finally, the expression of genes associated with inflammatory response (TNF, IL-6 and COX-2) in RAW264.7 cells of each co-culture group was detected with qPCR, and the RAW264.7 cells co-cultured with noting were used as the control group.
Cell migration assay
To evaluate the effect of IGF-1 overexpression on migratory ability of UC-MSCs in vivo, anti-human nucleus antigen (hNA, Millipore) was used to detect the location of 12 human mesenchymal stem cells in kidney tissue of each group with immunohistochemistry. The number of hNA-positive cells was further counted in ten fields for each group, and the average value was used to evaluate the migratory ability of UC-MSCs, UC-MSCs-vector and UC-MSCs-IGF-1.
To investigate the influence of cell proliferation on the migration, mitomycin C was used to block proliferation as the reference 3 . The migration of UC-MSCs was still measured using Tran-swell plates as the previous study 3 . In brief, UC-MSCs were 
Statistical analysis
The results were expressed as means ± SEM, and statistical analysis was performed using SPSS 17.0. The differences among groups were analyzed by one-way ANOVA followed by t-test. P＜0.05 was considered statistically significant. 
